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Power Electronics

CHAPTER 3

INVERTERS: CONVERTING DC to AC

3.1 Introduction

Inverters are widely used in industrial applications such as for induction motor
drives, traction, induction heating, standby power supplies and uninterruptible ac
power supplies. An inverter performs the inverse process of a rectifier. It converts
DC power into AC power at a desired output voltage or current and frequency. The
input source of the inverters can be battery, fuel cell, solar cell or other types of dc
source. The output voltage may be non-sinusoidal but can be made close to
sinusoidal waveform. The general block diagram of an inverter is shown in Figure
3.1

Idc IaC
_—p e ——
+ — +
Vdc Vac

Figure 3.1 General block diagram of inverter

The inverters can be classified into three categories there are voltage
source inverters, current source inverters and current regulated inverters
(hysteresis-type). The voltage source inverter is the most commonly used type of
inverter. The AC that it provides on the output side functions as a voltage source.
The input DC voltage may be from the rectified output of an AC power supply or
an independent source such as battery, which is called a ‘DC link’ inverter. On the
other hand, the current source inverter, the output side is functions as AC current
source. This type is also has a DC link inverter but its functions like a DC current
source. Figure 3.2(a) and Figure 3.2(b) show the block diagram of voltage source
inverter and current source inverter respectively.
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Figure 3.2 Types of inverter
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The current regulated inverters are becoming popular especially for speed control
of AC motors. The input DC is the same as in conventional voltage source
inverter. In this category, there is a current sensing circuit that senses the actual
value of the current at every instant. The sensed value is compared against the
value dictated by the reference waveform, and the switching inside the inverter is
altered as necessary to correct any error. In this way, the output current waveform
is made to conform as accurately as possible to the input reference waveform. The
basic block diagram of current regulated inverter is depicted in Figure 3.2(c).

3.2  Basic Principles

To illustrate the basic concept of inverters generating an AC output
waveform, the basic circuit for the single-phase full-bridge converter produces
square-wave output voltage is shown in Figure 3.3. An AC output is synthesized
from a DC input by closing and opening the switches in an appropriate sequence.
The output voltage V, can be +Vy and —Vy. depending on which switches are
closed. Figure 3.4 shows the equivalent circuits of switch combination in opened
and closed position and its square-wave output waveforms.

When the switch S1 and S2 are closed, and at the same time switch S3 and
S4 are opened, the output voltage waveform is +Vgc between the interval of t; to t,.
Whereas, when the switch S3 and S4 are closed, and at the same time switch S1
and S2 are opened, the output voltage is —Vgc in the interval of t3 to ts. The
periodic switching of the load voltage between +Vg4c and —Vyc produces a square-
wave voltage across the load. In order to find the sinusoid output waveform, the
square-wave waveform should be filtered.

T Ta
= 0y - Dy

4+ 11‘,l'__-| -
Ve —— L AAN—

gyt

Figure 3.3 The schematic of single-phase full-bridge inverter circuit
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(2)

(b)

Figure 3.4 The equivalent circuit of an inverter and the output voltage; (a) S1
and S2 closed, S3 and S4 opened, (b) S3 and S4 closed, S1 and S2 opened

Notice that, the switch S1 and S4 should not be closed at the same time,
similarly for switch S2 and S3. These because if that condition are occurs, a short
circuit would exist across the dc source. In practice, the switches are not turn on
and off instantaneously. There are switching transition times in the control of the
switches.

Let consider the output voltage of the inverter is filtered and Vj can be
assumed as sinusoid. Since the inverter supplies an inductive load such as ac
motor, the output current lg will lag the output voltage Vo as shown in Figure 3.5.
The output waveform of Figure 3.5 shows that in the interval 1, Vj and lp are
positive, whereas in interval 3 Vp and lp are both negative. Therefore, during
interval 1 and 3, the instantaneous power flow Py = Vjylg is from dc side to ac side.
In the other hand, Vyand lpare in opposite signs during interval 2 and 4, therefore
Po flows from ac side to dc side of the inverter.
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Wy

Figure 3.5 Filtered output voltage of the inverter

3.3 Single-phase Half-bridge Square-wave Inverter

The half-bridge inverter is constructed with two equal capacitors
connected in series across the dc input source and their junction is at a midpoint
or centre point G. The number of switches or called as ‘inverter leg’ for half-
bridge inverter is reduced to one leg which only consists of two switches. The
voltage across of each capacitor has a value of Vpc/2. When the switch S1 is
closed, the load voltage is Vpc/2 and when S2 is closed, the load voltage is —
Vpc/2. The basic single-phase half-bridge inverter circuit and its output waveform
are shown in Figure 3.6 below.

VDC ——

Figure 3.6 The basic single-phase half-bridge inverter circuit
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Figure 3.7 Waveforms of output voltage and switches with resistive and
inductive load.

The load voltage is a square-wave of amplitude VDC/2 and the load
current waveform is exponentially rising and falling waveform determined by the
load impedance. For a resistive load the current waveform follows the voltage
waveform while for an inductive load the current waveform lags the voltage
waveform by an angle which is, approximately the load power factor angle.
Figure 3.7 shows the waveforms for the output voltage and the switches current
with R-L load.

The total RMS value of the load output voltage,

1/2(Vpe ) Vv
oo f0 () o o

And the instantaneous output voltage is
Ve .
Vo= . —Esinnat
n=13s,. N7T (3.2)
= forn=24,....
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The fundamental rms output voltage is

v
V,, = ‘/;DC = 0.4V, (3.3)

In the case of RL load, the instantaneous load current i, can be determined by
dividing the instantaneous output voltage with the load impedance Z = R +joL. Thus,

i, = Z Vo sin(nwt —6,) (3.4)

0 2 2
n=135.. N4/ R™ +(nwl)

where 6, = tan”' (nwL/R)
The fundamental output power is
P, =V, 1, cosb,

ol "ol

_ 2
=1;R

Voo
B [\/Em/RZ +(wl)? ] (3.5)

The total harmonic distortion (THD), which is a measure of closeness in shape
between a waveform and its fundamental components, is defined as

THD:VL { ivf} (3.6)

01 n=3,5,7

Example 3.1
The single-phase half-bridge inverter has a resistive load of R = 2.4Q and the DC
input voltage is 48V. Determine:

(a) the rms output voltage at the fundamental frequency

(b) the output power

(c) the average and peak current of each transistor.

(d) The THD

Solution
Vpc =48V and R = 2.4Q
(a) The fundamental rms output voltage, Vo1 = 0.45Vpc= 0.45x48 =21.6V
(b) For single-phase half-bridge inverter, the output voltage V, = Vpc/2
Thus, the output power,

P, =VZ2/R
(48/2)°
24
= 240W

-7 -
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(c) The transistor current I, =24/2.4=10 A
Because each of the transistor conducts for a 50% duty cycle, the average
current of each transistor is Io = 10/2 =5 A.

(d) THD = VL,/VO2 -V

01

V 2
L Ve —(0.45v,, )
0.45xV,e | 2

=48.34%

3.4  Single-phase Full-bridge Square-wave inverter

A single-phase full-bridge inverter circuit is built from two half-bridge leg
which consists of four choppers as depicted in Figure 3.8. The switching in the
second leg is delayed by 180 degrees from the first leg. With the same dc input
voltage, the maximum output voltage of this inverter is twice that of half-bridge
inverter. When transistor T1 and T2 are closed simultaneously, the input voltage
Ve appears across the load. If transistors T3 and T4 are closed, the voltage across
the load is reversed that is - Vpc. Figure 3.9 illustrates the output waveforms for
the output voltage and the switches current with R-L load.

T1;T2
T T
| T=1/ |
Vn |
|
=N
- _-

Figure 3.8 Single-phase full-bridge inverter with R-L load

The output RMS voltage

V, = /{% | v;cdt} =V,e (3.7)
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And the instantaneous output voltage in a Fourier series is

Y,
Vo= Y, —=Xsinnat (3.8)

n=13s,. N7

The fundamental RMS output voltage,

v}
V, =—2%=0.9V 3.9
' er > (3.9)

In the case of RL load, the instantancous load current is

- 4V

iy = sin(nat - 6,) 3.10
i n=§’5,--.nm/R2—(nwL)2 (3.10)
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Figure 3.9 Waveforms of the output voltage and currents of single-phase full-
bridge inverter
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Example 3.2

A single-phase full-bridge inverter with VDC = 230 and consist of RLC in series.
IfR=1.2Q, oL=8 Qand 1/oC =7 Q, find:

(a) The amplitude of fundamental rms output current, iy;
(b) The fundamental component of output current in function of time.

(c) The power delivered to the load due to the fundamental component.

Solution

ny,
(a) The fundamental output voltage V,, = —2% = 4x230 _ 207.1vV

2 z2

The rms value of fundamental current is

I _V01 _ Vol
ol — Z] - ] 1 2
R +|wL———
oC
~ 207.1
J1.2)7 +(8-7)°
207.1
1.562
=132.586A

(b) The fundamental component of output current in function of time is
i, =~/21,, sin(et—6,)

X, =X -
Where 6, = tan™ % = tan”' 81—27 =39.80°

Therefore, i, =187.5sin(awt —39.80%)
(d) Power delivered to the load
P =12R
=(132.586)"x1.2
=21094.85W

=75 -
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Example 3.3

A single-phase full-bridge inverter has an RLC load with R = 10Q, L = 31.5mH
and C = 112uF. The inverter frequency is 60Hz and the DC input voltage is 220V.
Determine:

(a) Express the instantaneous load current in Fourier series.

(b) Calculate the rms load current at the fundamental frequency.
(c) the THD of load current

(d) Power absorbed by the load and fundamental power.

(e) The average DC supply current and

(f) the rms and peak supply current of each transistor

Solution
Vpe =220, f=60Hz, R=10 Q, L=31.5mH, C=112 pF
o =2nx 60 =377 rad/s
The inductive reactance fot nth harmonic voltage is
X =jnoL =j377 x 31.5mH =j11.87n Q
The capacitive reactance for the nth harmonic voltage is
X, = - i _ | :_j23.68Q
nawC 37nx 112 uF n

The impedance for the nth harmonic voltage is

1 2
Z| =\/R2 +(na)L——j
noC
2
=\/{102 +(11.87n—23'68) }
n

The load impedance angle for nth harmonic voltage is

0 — tan” 11.78n-23.68/n _ 2.368)
" 10 n

tan'l(l.187n—

(a) The instantaneous output voltage can be expressed as
V, (t) = 280.1sin(377t) + 93.4sin(3x377t) + 56.02 sin(5x377t)
+40.025sin(7x377t) +31.12sin(9x377t) +.....
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Dividing the output voltage by the load impedance and considering the delay
due to the load impedance angles, the instantaneous load current is

i,(t) =18.1sin(377t +49.72°) + 3.17sin(3x377t - 70.17°)
+8in(5x377t —79.63°) + 0.5sin(7x377t —82.85%)
+0.35in(9x377t —84.52° ) +.....

(b) The peak of fundamental load current is [, = 18.1 A
Therefore, the rms fundamental load current I,; = 18.1/4/2 = 12.8 A

(¢) Consider to 9™ harmonic, the peak load current

Top= +/(18.1> +3.17> +1.0° +0.5? +0.3%) =18.41 A

The rms harmonic load current is

2
Ly =312 = 12 :J(%j —(12.8)* =2.3715A

Therefore, the THD of the load is

THD =10 = 23715 _ g 5304
1, 128

(d) The rms load currentis I, .. =1, /N2 =13.02A
And the load power is
P, =13.02°x10 = 1695W
Henc, the fundamental output power is
P,=12R=(12.8)"x10 =1638.4W

P
(e) The average supply current |, = ——= 1695 =7.7A

Voo 220
(f) The peak transistor current |, = 1,  =18.41A

Hence, the maximum permissible rms current of each transistor is

I I
gy = — = — = 1841 _gon
J2 2 2

3.5  Three-phase Inverter

Three phase bridge inverters can be viewed as extensions of the single-
phase bridge circuit, as shown in figure 3.10. The switching signals for each
inverter leg are displaced or delayed by 120° with respect to the adjacent legs to
obtain three-phase balanced voltage. The output line-line voltages are determined

-77 -
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by the potential differences between the output terminals of each leg. With 120°
conduction, the switching pattern is T1T2 — T2T3 — T3T4 — T4T5 — T5T6 — T6T1
— T1T2 for the positive A-B-C sequence and the other way round for the negative
(A-C-B) phase sequence.

Whenever an upper switch in an inverter leg connected with the positive
DC rail is turned ON, the output terminal of the leg goes to potential +VDC/2
with respect to the center-tap of the DC supply. Whenever a lower switch in an
inverter leg connected with the negative DC rail is turned ON, the output terminal
of that leg goes to potential -VDC/2 with respect to the center-tap of the DC
supply. Note that a center-tap of the DC supply VDC has been created by
connecting two equal valued capacitors across it. The center-tap is assumed to be
at zero potential or grounded. However, this contraption is artificial and really not
essential; the center-tap may not exist in practice.

The switching signals for each phase leg, line-line voltage and line-to-
neutral voltage are shown in Figure 3.11. As a result, the switching signals for
each phase leg have 60° of non overlap. Because of this, switches of a phase leg
do not need any dead-time which is the time each switch waits before the other
completely turns OFF. Note that only two switches conduct at one time.

i

Vd2 TS

— “JKQSM A I AR

Al B i C

T, K mDs | R AD | PKE

Va2

e

Phase A 4 Phase B Phase C

Figure 3.10 Three-phase inverter with star connected load
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Figure 3.11 The waveforms of three-phase bridge inverter

3.6 Fourier Series and Harmonics Analysis

The Fourier series is the most practical way to analyze the load current
and to compute power absorbed by a load. Fourier series is a tool to analyze the
wave shapes of the output voltage and current in terms of Fourier series.

-79 -
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a, =~ [ 1(v)cos(no)do

%

27

b, =~ [ f(v)sin(no)do

%

Inverse Fourier

f(v)=%a0 +i(an cosnd +bnsinng)

n=l1

Where 6 = wt

Power Electronics

(3.11)

(3.12)

(3.13)

(3.14)

If no DC component in the output, the output voltage and current are given in

equation (3.15) and (3.16).

v, (t) = ivn sin(nwt +6,)

n=1

gm:ihmwa+@)

The rms current of the load can be determined by equation (3.17)

And Z, is the load impedance at harmonic number.

The total power absorbed in the load resistor can be determined by

P:iﬂ:

n=1

2
In,rmsR
1

0
n=

-80 -
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3.6.1 Total Harmonic Distortion

Since the objective of the inverter is to use a DC voltage source to supply a load
that requiring AC voltage, hence the quality of the non-sinusoidal AC output
voltage or current can be expressed in terms of THD. The harmonics needs to be
considered is to ensure that the waveform quality must match to the utility supply
which means of power quality issues. This is due to the harmonics may cause
degradation of the equipments and needs to be de-rated.

The THD of the load voltage is expressed as,

/ “ 2 2 \y2
THDV — Zn:2 (anrms) — rms Vl,rms (319)

Vv

1,rms 1,rms

Where n is the harmonics number.

The current THD can be obtained by replacing the harmonic voltage with
harmonic current,

V2 (o) (3.20)

3.6.2 Harmonics of Square-wave Waveform

The harmonics of square-wave waveform as depicted in Figure 3.12 can be
obtained as in equation (3.21), (3.22) and (3.23).

A

Ve —

> 0=t

Figure 3.12 Square-wave waveform
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1 V.4 2r
a, =—[ijCd9+ j—vm}:o (3.21)
T 0 V.4
V [ 2z
a, :% j cos(n@)do — j cos(nH)dH} =0 (3.22)
L0 Vs

V4 2z
b, _Voc j sin(n@)dé — j sin(nﬁ)de}
0 T

=— :—cos(n 49)|g + cos(n H)Lzr”]

V
=X [(cosO —cosn@)+ (cos2nz —cos n;r)]
nx

2
- ﬁ [(1-cosnz)| (3.23)

3.6.3 Spectrum of Square-wave

When the harmonics number, n of a waveform is even number, the resultant of
coshr =1,

Therefore,

b, =0.

When n is odd number, cosnz = -1

Hence,

b, = Woc (3.24)
nrz

The spectrum of a square-wave waveform is illustrated in Figure 3.13.

Mormalised
Fupdamental
[

Ird

Tih

Sth
11th

I,

n

Figure 3.13 Spectrum of square-wave
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Example 3.4

The full-bridge inverter with DC input voltage of 100V, load resistor and inductor
of 10Q and 25mH respectively and operated at 60 Hz frequency. Determine:

(a) The amplitude of the Fourier series terms for the square-wave load voltage.
(b) The amplitude of the Fourier series terms for load current.

(c) Power absorbed by the load.

(d) The THD of the load voltage and load current for square-wave inverter.

Solution

(a) The amplitude of each voltage terms is

v = Noc _ 4100)
" nrx nz

(b) The amplitude of each current term is determined by

v vV, 4(100)/nr

_n

(N
z, \/RZ (naL) \/102 [n(2760)(0.025)

(c) The power at each frequency is

The power absorbed by the load is computed by
P=>P =1 R+ R+ R+ R+ R+
=4293+10+1.4+0.374+0.14+.... ~ 441W
(e) The THD for voltage

\/Vrms 1 rms \/V 0 9VDC
THD, = =0.483=483%
Y 0.9V,

1,rms

The THD of the current

0

Z(I n,rms)2
THD, = ==

EICIEEE
&

=0.167=16.7%
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3.7 Pulse-Width Modulation (PWM)

Pulse-width modulation provides a way to decrease the total harmonics distortion
(THD) of load current. A PWM inverter output with some filtering can generally
meet THD requirements more easily than the square-wave switching scheme.
There are several types of PWM techniques to control the inverter switching such
as natural or sinusoidal sampling, regular sampling, optimized PWM, harmonic
elimination or minimization PWM and space-vector modulation (SVM). In PWM,
the amplitude of the output voltage can be controlled with the modulating
waveforms.

When using PWM several definitions should be stated:
(i) Amplitude Modulation Ratio, M,

The amplitude modulation ratio or also called as modulation index is
defined as the ratio of amplitudes of the reference signal to the carrier signal
as given in equation (3.25)

\ \Y

m, reference m,sine
M, = v = (3.25)

m, carrier m, tri

The M, is related to the fundamental of sine wave output voltage
magnitude. If Ma < 1, the amplitude of the fundamental frequency of the
output voltage, V; is linearly proportional to M,. If M, is high, then the
sine wave output is high and vice versa. This can be represent by

V, =MV, (3.26)

(i1) Frequency Modulation Ratio, Mt

The frequency modulation ratio is defined as the ratio of the frequency
of the carrier and reference signal as given in equation (3.27).

f f

M _ carrier  __ tri
= =—

reference sine

(3.27)

MT is related to the harmonic frequency. When the carrier frequency
increases the frequency at which the harmonics occur also will increase.

3.7.1 Bipolar Switching of PWM

The principle of sinusoidal bipolar PWM is illustrated in Figure 3.14. Figure
3.14(a) shows a sinusoidal reference signal and a triangular carrier signal while
Figure 3.14(b) is the modulated output signal. When the instantaneous value of
the reference signal is larger than the triangular carrier, the output is at +Vpc and
when the reference is less than the carrier the output is at —Vpc. The bipolar
switching technique, the output alternates between plus and minus the DC supply
voltage.

-84 -
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V, =4V, for V,.>V

sine tri

iy (3.28)

tri

V, =V, for V

sine

If the bipolar scheme is implemented for the full-bridge inverter, the switching is
determined by comparing the instantaneous reference and carrier signal as given

by,
S and S, ON when Vgine > Vi (Vo = +Vpc)

S; and S4 ON when Vgine < Vi (Vo =-Vpe)

Vene (Carrier) vy (reference)

Y

(b}

Figure 3.14 Bipolar pulse-width modulation (a) Sinusoidal reference and
triangular carrier, (b) Output modulated signal

3.7.2 Unipolar Switching of PWM

The unipolar switching scheme of PWM, the output is switched from either
higher to zero or low to zero, rather than between high and low as in bipolar
schemes. The switch controls for unipolar switching scheme given as,

-85 -
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S;is ON when  Vgine > Vi
S, is ON when -Vgine < Vi
S5 1s ON when -Vine > Vi
S41s ON when Vgine < Vi

The switches are operating in a pair where if one pair is closed the other pair is
opened. The full bridge unipolar PWM switching scheme is shown in Figure 3.15.

Ve fCaVFIEr) Vi, (reference)

\

Y

(a)

-0 UL

: 1 1L

(b)

(c)

Figure 3.15 Full-bridge unipolar PWM scheme (a) Reference and carrier signal,
(b) Voltage at S1 and S2, (c) Modulated output voltage
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3.8 PWM Harmonics
3.8.1 Harmonics of Bipolar PWM

The Fourier series of the bipolar PWM output in Figure 3.14 is determined
by examining each pulse. The triangular waveform is synchronized to its
reference signal and the modulation index m; is chosen as an odd integer. If
assuming the PWM output is symmetry, the harmonics of each kth PWM pulse as
in Figure 3.16, the Fourier coefficient can be expressed as

v, =2 [ vt)sinmatyd(wt)
Via 0

(3.29)
2T pak+k . ok+1 .
= ;[ LK Ve sin(nest)d () + LM (-V,o)sin(nest)d (a)t)]
Finally, the resultant of the integration is
2V
V, = n—DC [cosna, +cosne,,, —2cosn(a, +6,)] (3.30)
V4
Vi Vi
Voo
Vo
32 e .
T¢ = "I 7 >
2 .
¢ o, + Oy g
50 .
tc ct, +1
0

Figure 3.16 A PWM pulse for determining Fourier series of bipolar PWM
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The Fourier coefficient for the PWM waveform is the sum of Vy for the p pulses
over one period.

V.=V, (3.31)

p
k=1
The normalized frequency spectrum for bipolar switching for m, = 1 is shown in
Table 3.1.

Table 3.1 Normalized Fourier coefficient for bipolar PWM
m,=1 09 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1
n=1 1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.20 0.10
n=my 0.60 0.71 0.82 0.92 1.01 1.08 1.15 1.20 1.24 1.27
n=my+2  0.32 0.27 0.22 0.17 0.13 0.09 0.06 0.03 0.02 0.00

3.8.2 Amplitude and Harmonics Control

The output voltage of the full-bridge inverter can be controlled by adjusting the
interval of & on each side of the pulse as zero. Figure 3.17(a) shows the interval
of o when the output is zero at each side of the pulse while Figure 3.17(b)
indicates the inverter switching sequence.

Voo -
L [ [
4 B e e [+ » _
(a) =t
T 2
Mo L
54 Closed Opened
Sa
(b)
Sa
5y
51 51 5 1 S! 52
S = 83 =h Sy
Vo o Voo o Voo 0

Figure 3.17 Inverter output for the amplitude and harmonic control
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The rms value of the voltage waveform is
vV, = \/l [ Voed(at) =V f1- 2a (3.32)
b V4

The Fourier series of the waveform is expressed as

Vo(t)= DV, sin(nat) (3.33)

n,odd

The amplitude of half-wave symmetry is

7-a 4V
V, = 2 j Vye sin(nat)d (at) :[ DG ]cos(na) (3.34)
T e nz
The amplitude of the fundamental frequency is controllable by adjusting the angle
of .
4V
V, = (ij cosa (3.35)
V4

The nth harmonic can be eliminated by proper choice of displacement angle « if

cosha =0

or

g=29 (3.36)
n

o

=30°. This is called as

Thus, the third harmonic can be eliminated if o =

‘triplens’ harmonics effect for nth harmonics.

Example 3.5

The inverter has a resistive load of 10Q2 and inductive load of 25mH connected in
series with the fundamental frequency current amplitude of 9.27A. The THD of
the inverter is not more than 10%. If at the beginning of designing the inverter, the
THD of the current is 16.7% which is does not meet the specification, find the
voltage amplitude at the fundamental frequency, the required DC input supply and
the new THD of the current.
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Solution

The require voltage amplitude at the fundamental frequency

V,=1,Z, = 1,yR* +(alL) = (9.27)(\/(10)2 +(2750%0.025)> ):117.87v

The THD can be reduced by eliminate the third harmonic which is n=3

Therefore the required DC input voltage is

Viz. (11787
4cosa  4cos(307)

=107V

VDC =

The THD of load current now is

0

Z(I n,rms)2

THD, = "2 —
1,rms
053 (027) (o0.11)
J(ﬁ] (ﬁj (ﬁJ
_ 927j
2
- 0.066
= 6.6%

which is has meet the specifications.

Example 3.6

The single-phase full-bridge inverter is used to produce a 60Hz voltage across a
series R-L load using bipolar PWM. The DC input to the bridge is 100V, the
amplitude modulation ratio is 0.8, and the frequency modulation ratio is 21. The
load has resistance of R = 10Q and inductance L = 20mH. Determine:

(a) The amplitude of the 60Hz component of the output voltage and load current.
(b) The power absorbed by the load resistor
(c) The THD of the load current

Solution
(a) Using Table 3.1, the amplitude of the 60Hz fundamental frequency is
V, =mVy. =(0.8)(100) =80V
The fundamental current amplitude is
V, 80

| =V = 6.39A
Z, 10y +[(2760)(0.02)]
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(b) With mf = 21, the first harmonics are at n =21, 19, and 23. Using Table 3.1,
V,, =(0.82)(100) = 82V
V,, =V,; =(0.22)(100) = 22V

Current at each harmonics is determine by

and power at each frequency is determined by

P = (In,rms)zR

n

The voltage amplitudes, current, and power at each frequencies is depicted in
Table 3.2

Table 3.2 Voltage amplitudes, current, and power for each frequencies

n f, (Hz) Vi (V) Z,(Q) Ih (A) In,rms (A) Pn (W)
1 60 80.0 12.5 6.39 4.52 204.0
19 1140 22.0 143.6 0.15 0.11 0.1
21 1260 81.8 158.7 0.52 0.36 1.3
23 1380 22.0 173.7 0.13 0.09 0.1

Therefore, the power absorbed by the load is
P=>"P ~204.0+0.1+1.3+0.1=205.5W

(c) The THD of the load current is

THD, = J(0.11)7 +(0.36) +(0.09)?
4.52

=0.087
=8.7%

3.9  Three-phase PWM Inverter
Three phase PWM inverters are controlled in the same way as a single-phase
PWM inverter. Three sinusoidal modulating signals at the frequency of the
desired output are compared with the triangular carrier waveform of suitably high
frequency. The resulting switching signals from each comparator are used to drive
the inverter switches of the corresponding leg. The switching signals for each
inverter leg are complementary, and the switching signals for each switch span
120°. These are shown in Figure 3.18

It should be noted from the above waveforms in Figure 3.19 that an
identical amount of DC voltage exists in each line-neutral voltage Van and Vpn
when these are measured with respect to the negative DC link voltage bus. The dc
components are canceled when Vap is obtained by subtracting Vgy from Van. It
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should also be noted that the Vg waveform is 30° ahead of the control voltage

(ec A) for phase A.
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Figure 3.18 Three-phase inverter switching signal for each switch and the

output line voltage
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Figure 3.19 Phase voltage switching signal of three phase inverter
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